f Health care-associated infections, including Pseudomonas aeruginosa bloodstream infection, have been linked to delays in appropriate antibiotic therapy and an increased mortality rate. The objective of this study was to evaluate intrinsic virulence, bacterial resistance, and clinical outcomes of health care-associated bloodstream infections (HCABSIs) in comparison with those of community-acquired bloodstream infections (CABSIs) caused by P. aeruginosa. We conducted a retrospective multicenter study of consecutive P. aeruginosa bacteremia patients at two university-affiliated hospitals. Demographic, clinical, and treatment data were collected. Microbiologic analyses included in vitro susceptibility profiles and type III secretory (TTS) phenotypes. Sixty CABSI and 90 HCABSI episodes were analyzed. Patients with HCABSIs had more organ dysfunction at the time of bacteremia (P ‫؍‬ 0.05) and were more likely to have been exposed to antimicrobial therapy (P < 0.001) than those with CABSIs. Ninety-two percent of the carbapenem-resistant P. aeruginosa infections were characterized as HCABSIs. The 30-day mortality rate for CABSIs was 26% versus 36% for HCABSIs (P ‫؍‬ 0.38). The sequential organ failure assessment score at the time of bacteremia (hazard ratio [HR], 1.2; 95% confidence interval [CI], 1.1 to 1.3) and the TTS phenotype (HR 2.1; 95% CI, 1.1 to 3.9) were found to be independent predictors of the 30-day mortality rate. No mortality rate difference was observed between CABSIs and HCABSIs caused by P. aeruginosa. Severity of illness and expression of TTS proteins were the strongest predictors of the 30-day mortality rate due to P. aeruginosa bacteremia. Future P. aeruginosa bacteremia trials designed to neutralize TTS proteins are warranted.
B
loodstream infections (BSIs) are serious clinical events with life-threatening consequences. The total number of deaths resulting from nosocomial BSIs is difficult to estimate and varies greatly, depending on the etiology. However, the attributable mortality rate may be as high as 80% among patients in intensive care units (1) . Pseudomonas aeruginosa accounts for 3 to 7% of all BSIs and 23 to 26% of Gram-negative bacteremias (2, 3) . Pneumonia, pancreaticobiliary tract infection, indwelling catheters, and urinary tract infection have all been implicated as potential sources of infection (1, 4) . Despite recent advances in critical-care management, mortality rates due to P. aeruginosa BSI remain high, ranging between 27 and 48% (1, 5) .
Poor outcomes of P. aeruginosa BSIs have been associated with both microbial and host factors. Neutropenia, a respiratory source of bacteremia, shock, renal failure, and metastatic foci of infection are among the host factors implicated in increased mortality rates (4, 6) . Bacterial attributes include a high degree of intrinsic virulence (7, 8) and widespread antibiotic resistance. P. aeruginosa is intrinsically resistant to many structurally unrelated antimicrobial agents (9) because of the low permeability of its outer membrane, the constitutive expression of various efflux pumps with wide substrate specificity, and the naturally occurring chromosomal AmpC beta-lactamase (10) . In addition, the timely administration of adequate antimicrobial therapy to which the bacteria are susceptible has been identified as an important factor in improving the outcomes of P. aeruginosa BSIs (2, 4, (11) (12) (13) (14) .
With the progressive changes in the health care system whereby health care services are shifted from hospitals to outpatient facilities, a new classification scheme for BSIs has been proposed to distinguish among infections acquired (i) in the community, (ii) by outpatients having recurrent contact with the health care system, and (ii) by inpatients with hospital-acquired infections (15) . This distinction was driven by observations indicating an increased risk of antimicrobial resistance and a higher mortality rate among patients with health care-acquired BSIs (HCABSIs) than among those with community-acquired BSIs (CABSIs) (16) (17) (18) . As a result, a growing consensus has advocated a different empirical antibiotic regimen based on the antimicrobial susceptibility profile anticipated for each of these categories.
Despite the fact that P. aeruginosa is a predominantly nosocomial pathogen, the distinction between HCABSIs and CABSIs as it relates to P. aeruginosa in terms of its virulence traits (type III secretory [TTS] system) and its impact on clinical outcomes has not been previously examined. The objective of this study was to assess the epidemiology and outcome of P. aeruginosa BSIs by acquisition classification among all of the adults admitted to two tertiary-care hospitals. Hence, we performed a multicenter retrospective analysis of P. aeruginosa BSIs to compare the clinical and bacteriologic characteristics of community-and health care-associated P. aeruginosa bacteremias.
MATERIALS AND METHODS
Setting and design. Clinical records of patients who had documented episodes of P. aeruginosa BSI at two university-affiliated hospitals (Veterans Affairs of Western New York and Northwestern Memorial Hospital) between August 1999 and January 2010 were examined retrospectively. A subset of the data has been published previously (19, 20) . The data collected included age, gender, the presence of polymicrobial bacteremia, the presumed source of bacteremia, the duration of the hospital stay, the antimicrobial therapy regimen used, the time to the administration of active antimicrobial therapy, prior exposure to antibiotics, and death during the hospital stay, including the 30-day mortality rate. The duration of the hospital stay was defined as the time from the first positive blood culture result until discharge. Patients who died during the first 30 days after the onset of bacteremia were excluded for the length-of-stay analysis. The concomitant presence of coagulase-negative staphylococci was deemed a contaminant and thus not included in the analyses. Severity of acute illness was measured by the sequential organ failure assessment (SOFA) score on the day the blood culture was obtained (21) . Comorbidities were assessed by the Charlson weighted index (22) . The BSI source was determined from the infection control designation, in accordance with Centers for Disease Control guidelines (23) . In cases of recurrent episodes of P. aeruginosa bacteremia, only the first event was entered into the database. This study was approved by the Institutional Review Board of the VA Western New York Healthcare System. In view of the retrospective nature of this study, informed consent was not required.
Microbiology. Blood cultures from hospitalized patients were processed with the Bactec 9240 blood culture system (Becton, Dickinson, Sparks, MD), with each set consisting of aerobic and anaerobic cultures. Identification of bacteria from positive cultures to the genus and species levels was performed by the Vitek II System (bioMérieux, Balmes-lesGrottes, France) or manual biochemical assays when necessary. Cultures that grew P. aeruginosa were grown in LB medium and stored at Ϫ70°C in 25% glycerol until analyzed. Antimicrobial susceptibility and multidrug resistance (MDR) tests of all of the isolates were performed with different antibiotics (penicillins, cephalosporins, monobactams, carbapenems, and quinolones) by either Vitek II or Etest (AB Biodisk, Solna, Sweden) to determine MICs. MICs were interpreted according to Clinical and Laboratory Standards Institute guidelines (24) .
Immunoblot analysis. Analysis of P. aeruginosa TTS protein phenotypes was performed as described previously (25) . In brief, bacterial strains were grown in MINS medium (26) for approximately 18 h at 37°C with vigorous shaking. Bacterial supernatants were obtained from 5-ml cultures by centrifugation at 6,000 ϫ g at 4°C for 20 min. Proteins in supernatants were precipitated by the addition of ammonium sulfate to a final concentration of 55% (wt/vol). Following incubation on ice for 2 h, the precipitated material was collected by centrifugation at 13,000 ϫ g at 4°C for 20 min. The pellet was boiled in 500 l of 1ϫ sodium dodecyl sulfate-polyacrylamide gel electrophoresis sample buffer for 5 min, and 50 l of each sample was subjected to sodium dodecyl sulfate-10% polyacrylamide gel electrophoresis (27) . Proteins were then electrotransferred to nitrocellulose (Bio-Rad) and exposed to mixtures of polyclonal antisera against ExoS, ExoT, ExoU, PopB, and PopD (PopB and PopD are proteins secreted through the membrane-associated secretion needle, where they form the pore-like translocon in the host cell plasma membrane.) (7, 28, 29) . Goat anti-rabbit immunoglobulin G-horseradish peroxidase conjugate (Jackson ImmunoResearch Laboratories, Inc.) diluted 1:3,000 was used as the secondary antibody. Proteins were visualized by incubating the membranes in 225 M coumaric acid (Sigma Chemical Co.)-1.25 mM 3-aminophthalhydrazide (Sigma)-0.009% hydrogen peroxide (Fisher Scientific Co.)-100 mM Tris (pH 8.5) for 1 min and then exposing the membranes to autoradiography film. P. aeruginosa isolates that secreted at least one effector (toxin) or component of the translocon apparatus under these conditions were designated "secretors" (secretion positive). Isolates that did not secrete any effectors or translocon components under these culture conditions were designated nonsecretors (secretion negative).
Clonal relatedness of P. aeruginosa isolates. The clonal relatedness of P. aeruginosa isolates was assessed by repetitive-element-based PCR as described previously (25) . The isolates were considered indistinguishable (no difference in bands on visual inspection), related (a difference of one or two bands), or distinct (a difference of three or more bands) (30) .
Definitions. Health care-associated bacteremia was defined as follows: (i) bacteremia that occurred Ͼ72 h after hospital admission, (ii) bacteremia that occurred Ͻ72 h after admission in patients who had been hospitalized for Ͼ2 days within the preceding 2 weeks before the BSI, (iii) bacteremia that occurred Ͻ72 h after hospital admission in patients who had been transferred from another hospital or a nursing home, or (iv) renal failure requiring hemodialysis in the last 30 days prior to the BSI. All other cases of bacteremia were classified as community acquired. P. aeruginosa strains were defined as carbapenem resistant (CR) if the MIC of imipenem or meropenem was Ն16 g/ml. MDR was defined as resistance to three or more of the following classes of agents (31): antipseudomonal carbapenems, antipseudomonal beta-lactams (penicillins and cephalosporins), aminoglycosides, and fluoroquinolones.
Effective initial antimicrobial therapy was defined as therapy administered within 48 h after blood culture samples were obtained and consisting of an initial empirical regimen containing at least one antipseudomonal antibiotic (such as antipseudomonal penicillin, ceftazidime, carbapenem, or fluoroquinolone) that was later proved to be active in vitro against blood isolates of P. aeruginosa (6) . A delay of effective antimicrobial therapy was defined as the administration of empirical antibiotics ineffective against the P. aeruginosa isolate prior to the availability of the results of antibiotic susceptibility testing, with a delay of Ͼ48 h after blood culture samples were obtained.
To calculate SOFA scores, we collected the necessary laboratory and clinical data from patients' medical records for the appropriate day. If multiple values were obtained on a given day, the most abnormal value was used. If a value was missing from the day of interest, the measurement from the nearest day was used in its place. If no values were available, the measurement was assumed to be normal. Points were assigned for increasing degrees of failure of six different organ systems, respiratory, coagulation, hepatic, cardiovascular, central nervous system, and renal, as previously described (21) . Values were transformed into component dysfunction scores of 0 (normal) to 4 (the most abnormal) for each organ system (21), thus providing a composite SOFA score between 0 and 24.
Statistical analysis. Data are expressed as means Ϯ standard deviations (SDs) or medians (interquartile ranges [IQRs] Interactions between variables were not introduced into the models. All P values were two tailed, and P values of Յ0.05 were considered to be statistically significant. SPSS statistics for Windows (SPPS Inc., Chicago, IL), version 18.0, was used for these analyses.
RESULTS
Clinical data of P. aeruginosa isolates causing BSIs. During the study period, a total of 150 patients with P. aeruginosa bacteremia were identified. Ninety cases (60%) met the definition of HCABSI, and 60 (40%) were classified as CABSIs. Demographics, comorbid diseases, and primary sites of infection are shown in Table 1 . The median age of the population was 65.5 (range, 18 to 93) years. Men represented 67% of the entire cohort. There was no difference in age, gender, or the burden of comorbidities between the CABSI and HCABSI groups. However, HCABSI patients had more organ dysfunction at the time of bacteremia (P ϭ 0.05) and were more likely to have been exposed to antimicrobial therapy (P Ͻ 0.001) than those with CABSIs. The admission characteristics were also different. Of the HCABSI patients, 57% had been hospitalized in an acute-care hospital prior to BSI, 33% had undergone dialysis or received intravenous chemotherapy, and 9% had resided in a nursing home or a long-term care facility.
Among the sites identified, lower respiratory tract infections (25%) and urinary tract infections (24%) were the most common P. aeruginosa BSI sources overall. Respiratory tract infection (29%) was the most frequent HCABSI source, whereas urinary tract infection (27%) was the most common CABSI source. An indwelling catheter was the only infection source more common among HCABSI patients than among CABSI patients (P ϭ 0.03).
Seventeen percent of the patients had polymicrobial BSIs with secondary pathogens other than coagulase-negative staphylococci (Table 2) . Among the concomitant organisms isolated were Enterococcus species (n ϭ 7), Klebsiella pneumoniae (n ϭ 2), Escherichia coli (n ϭ 4), Proteus mirabilis (n ϭ 3), methicillin-resistant Staphylococcus aureus (n ϭ 2), Streptococcus species (n ϭ 1), Enterobacter cloacae (n ϭ 2), and Bacteroides species (n ϭ 1).
Antimicrobial susceptibility testing. The antimicrobial susceptibility of the bacteremic isolates of P. aeruginosa is shown in Table 3 . CABSIs and HCABSIs showed the highest frequency of resistance to aztreonam (35 and 40%), ciprofloxacin (20 and 41%), and gentamicin (18 and 25%, respectively). However, health care-acquired isolates had a higher overall frequency of resistance to multiple antibiotics. In particular, resistance to ciprofloxacin and ceftazidime was significantly higher in health careassociated isolates than in community-acquired isolates (P ϭ 0.02 and P ϭ 0.01, respectively).
MDR occurred in 11 cases (7%). All 11 patients had been exposed to antimicrobial therapy in the previous 90 days. Although HCABSIs accounted for 9 (82%) of these cases, the difference between CABSIs and HCABSIs in the prevalence of MDR P. aeruginosa did not attain statistical significance (P ϭ 0.19).
Microbiological data of P. aeruginosa isolates causing BSIs. Of the 150 isolates, 119 had a unique fingerprint. Twenty-seven isolates were considered related strains, and two pairs of isolates were identical. During the study period, 13 (9%) P. aeruginosa isolates were identified as CR. The clinical characteristics of the infected patients are listed in Table 4 . None of the demographics or bacteriological factors was significantly associated with CR P. aeruginosa. There was also no difference in the severity of organ dysfunction, the burden of comorbidities, or the source of infection between carbapenem-sensitive and CR P. aeruginosa-infected patients.
Ninety-two percent of the CR P. aeruginosa infections were characterized as HCABSIs. Prior exposure to antibiotics was reported more frequently in cases with CR P. aeruginosa than in cases with carbapenem-sensitive P. aeruginosa (100% versus 58%, respectively; P ϭ 0.007). Based on in vitro susceptibility, the CR P. aeruginosa strains were highly resistant to other antimicrobial agents (ciprofloxacin in 77% of the isolates, gentamicin in 69%, and piperacillin-tazobactam in 46%). Ninety-nine P. aeruginosa isolates (66%) were identified as TTS secretors, of which 61 were classified as HCABSIs and 38 were classified as CABSIs (P ϭ 0.71). ExoU, ExoT, and ExoS were produced by 25, 63, and 37% of the isolates, respectively. The prevalence of ExoU, ExoT, and ExoS in CABSIs was 28, 63, and 32% versus 22, 64 and 41% in HCABSIs (P ϭ 0.51, P ϭ 0.92, and P ϭ 0.32, respectively). One isolate tested positive for PopB and PopD, but there was no secretory exotoxin detected.
Clinical outcomes. Empirical antimicrobial therapy was adequate in 48 (80%) CABSI and 78 (87%) HCABSI patients (P ϭ 0.39). However, inappropriate antimicrobial therapy was more often observed in patients with CR P. aeruginosa bacteremia than in those with carbapenem-sensitive P. aeruginosa bacteremia (46% versus 12%; P ϭ 0.005). The length of hospital stay of HCABSI patients (median, 10 [IQR, 4 to 28] days) was significantly longer than that of CABSI patients (median, 8 [IQR, 3 to 16] days), P ϭ 0.05. The overall crude in-hospital mortality rate was 37%. The 30-day mortality rate of CABSI patients was 26% versus 36% for HCABSI patients (P ϭ 0.38) (Fig. 1) . Twenty-two (39%) of 56 patients died within 48 h of bacteremia onset. The mortality rate was greatest in individuals with a pneumonic origin of bacteremia and least in individuals bacteremic from a urinary source (odds ratio, 5.4; 95% confidence interval [CI], 2.4 to 11.8). There was no difference in the 30-day mortality rate between mono-and polymicrobial BSIs (28% versus 35%, respectively, P ϭ 0.64). According to the univariate analysis, the SOFA score was the only variable independently associated with the mortality rate ( Table 5 ). In a Cox regression analysis, the SOFA score at the time of bacteremia (hazard ratio [HR], 1.18; 95% CI, 1.10 to 1.26) and the TTS phenotype (HR, 2.24; 95% CI, 1.26 to 4.67) were found to be independent predictors of the 30-day mortality rate of P. aeruginosa bacteremia patients after adjustment for other confounding variables (Table 6 ).
DISCUSSION
The findings of this study suggest that the incidence of health careassociated P. aeruginosa bacteremia is greater than that of community-acquired P. aeruginosa. CR P. aeruginosa was isolated predominantly from HCABSI patients. Despite improved antimicrobial stewardship over the last decade, the mortality rate of P. aeruginosa bacteremia patients has remained constant, suggesting intrinsic virulence as a potential target for future adjuvant therapy.
Our annual incidence rate of P. aeruginosa bacteremia of 1.2 cases/1,000 admissions was comparable to that of other hospitalbased studies, which reported a range of 0.39 to 4.7 cases/1,000 admissions (4, (32) (33) (34) . Unlike previous investigations, where the clinical characteristics of HCABSI patients are usually distinct from those of CABSI patients (17, 35, 36) , we found no significant demographic or clinical parameters that would distinguish these two entities in cases of P. aeruginosa bacteremia apart from the higher severity of illness and the higher exposure to prior antibiotics in the HCABSI group. The lack of difference in age, gender, and underlying comorbid diseases between the two groups reflects the opportunistic trait of P. aeruginosa infection. Contrary to others' findings, we failed to note that those with HCABSIs were more likely than those with CABSIs to receive inappropriate empirical therapy. One reason is that all of the patients were treated according to established guidelines at each corresponding institution. These results are encouraging, since it may represent an increase in awareness that is due to the growing body of research and policy importance in the area of BSIs.
Infections with multidrug-resistant P. aeruginosa have been recognized as a growing problem in clinical settings. The carbapenems represent a realistic option for initial empirical therapy in many serious nosocomial bacteremias because of their broad spectrum of activity and limited toxicity. However, carbapenem resistance is being observed more frequently among P. aeruginosa isolates. During a 2008-2009 surveillance study of P. aeruginosa bacteremia in 10 public hospitals in Spain, 23 and 21.5% of the P. aeruginosa isolates obtained were resistant to imipenem and meropenem, respectively (37) . Our rates of CR P. aeruginosa were lower and comparable to those of epidemiologic studies performed in the United States (38) . It is plausible that annual variations in geographic regions, differences in antibiotic consumption, and the type of participating centers may contribute to these differences. Nevertheless, the rising trend of CR P. aeruginosa calls for early detection, strict infection control policies, and judicious prescription of antibiotics.
In line with other studies, we have found that prior antibiotic use was a common denominator among patients with CR P. aeruginosa bacteremia. In the absence of a control group, we cannot claim that previous antibiotic exposure is a risk factor for CR P. aeruginosa; however, prior fluoroquinolone (39, 40) , aminoglycoside (41), and polymyxin (42) use has been implicated in the emergence of CR P. aeruginosa. The fact that more than 90% of the antibiotic-resistant strains were isolated from health care-associated bacteremic events suggests that empirical therapy in patients with prior exposure to antimicrobial therapy should avoid a monotherapy approach to the management of HCABSIs until antibiotic susceptibility is available.
The overall mortality rate among our patients was 37%. This relatively high death rate is troubling, given that most of the patients received prompt and active antimicrobial therapy. Nevertheless, our mortality rate was similar to those reported in the literature for P. aeruginosa BSIs. Kang et al. (2) and Chamot et al. (43) each reported a comparable 30-day mortality rate of 39%. A large number of deaths in our study occurred during the first few days after the diagnostic blood culture despite the use of appropriate antimicrobial therapy. This observation has been attributed to the microbiologic determinants of P. aeruginosa per se, irrespective of the initial empirical therapy (44, 45) . Among the many virulence factors expressed by P. aeruginosa strains, we found that the TTS phenotype was independently associated with the 30-day mortality rate. The type III secretion system of P. aeruginosa has been previously associated with the mortality rate of patients with nosocomial pneumonia and P. aeruginosa BSI (7, 20, 46) . Considering the development of targeted therapies, the knowledge of the TTS phenotype of P. aeruginosa isolates may be useful for determining the most effective therapeutic regimen for patients with these infections. Surprisingly, we found no relationship between the adequacy of initial empirical antimicrobial therapy and death. This finding was true in our bivariate comparisons even without controlling for the higher baseline morbidity of patients who did not receive active therapy. Similar findings were reported recently by other investigators (17, 19) . Several studies have highlighted specific populations with bacteremia that may be vulnerable to a delay in antimicrobial therapy (2, 6). Kang et al. (2) noted that the mean duration of the delay in starting effective antimicrobial therapy was 3.5 days. In the present study, 84% had active therapy initiated by the second calendar day. Since active therapy by 52 h is an important predictor of the 30-day mortality rate in bacteremia (6) , most of the patients in our study received optimal therapy. The lack of a significant association between inadequate empirical antibiotic therapy and outcomes may also be related to the source of bacteremia. In fact, a third of BSI episodes were of urinary or vascular catheter origin, in which nonantimicrobial interventions such as catheter removal or alleviation of urinary obstruction are of critical importance in treatment, hence delegating antimicrobial therapy to a secondary role in BSI management.
This study had several limitations. First, it was a retrospective study, and thus, some of the medical records in charts may not have been complete, even though we tried to enroll patients who had more concrete information. Further, any hidden bias that was not adjusted for in our cohort may lead to underestimation or overestimation of the true relationship between antimicrobial resistance and death, even though we performed multivariate regression analysis to control for other confounding factors. Second, this study was performed in two tertiary-care hospitals, where the conditions, patient populations, and outcomes may differ from those in non-tertiary-care centers. Third, although unlikely, it is plausible that at least some of the BSIs were misclassified as CABSIs. This might have reduced the observed between-group differences.
In conclusion, our findings do not support the distinction between P. aeruginosa HCABSIs and CABSIs. The outcome of P. aeruginosa bacteremia is influenced by the severity of illness and the expression of virulence traits. Randomized trials using adjuvant therapy targeting the TTS phenotype of P. aeruginosa bacteremia are warranted. 
